Abstract. Since 2015, the EU Greening program requested increasing the area of leguminous crops. Lithuanian conditions are the most favorable for pea and faba bean cultivation. Therefore, the area of these crops increased several times. Unfortunately, there is no precise scientific background of faba bean growing technologies in Lithuania. For this reason, a stationary field experiment was performed in Aleksandras Stulginskis University, Lithuania. The soil in the experiment was light loam (Endohypogleyic-Eutric Planosol, PLe-gln-w). The climate of the experimental site is subarctic, with wet winters and moderate summers. The long-term (60 years) average annual precipitation rate is 625.5 mm. Faba bean crop was grown in differently tilled soil: deeply (22-25 cm) and shallowly (12-15 cm) ploughed with a moldboard plough, deeply (25-30 cm) cultivated with a chisel cultivator, shallowly (10-12 cm) tilled with a disc harrow and no tilled (direct drilling). The aim of the experiment was to investigate the influence of five reduced tillage patterns on the parameters of faba bean cultivation. The results from the 2016 vegetative period are presented. According to the results of investigations, reduction of primary tillage intensity from conventional deep ploughing to no-till (direct drilling) mainly had no essential impact on productivity potential of faba bean cultivation. The density of crop was a key parameter, which effected variance between the treatments.
Introduction
Recently, both in our country and abroad, a lot of attention is paid to reduction of soil tillage (minimization). Minimization of tillage is the reduction of energy costs by reducing the number and depth of tillage, combining tillage processes into one, and reducing the working surface. Minimization of tillage increases labour productivity, reduces costs, increases soil fertility, protects it from unnecessary compression by tractors and agricultural machinery, and improves the balance of soil water, nutrients and organic matter [1] [2] [3] [4] [5] . The aim of tillage minimizing (reduction) is not only to reduce production costs but also to maintain potentially fertile soils for the longer [6] . Deep ploughing is one of the most expensive tillage operations because it requires high labour and fuel consumption, one of the most fertile layer replacing tillage technological processes [7] [8] . However, weedy soils require intensive deep ploughing [9] .
Experiments in Romania showed that shallow ploughing (10 cm depth) initiated better results than the deep (20 cm). While ploughed deeply, favourable for crop growing water, air and nutrition mode is formed in a thicker soil layer. During the dry period, in deeply ploughed soils, moisture is maintained for longer. In humid -the surplus water is deposited in the broom of arable layer and become less harmful for the crop roots. In addition, in deeply ploughed soil, the roots of the plant penetrate deeper and provide better nutrient supplies, improve air circulation in the deeper layers. In deep ploughed soils there is less weed infestation [10] . According to P. Vasinauskas [11] , deep ploughing is like an amelioration tool, which, after several years of use, after deep ploughing of soil, can be done in a shallow way.
The experiments carried out in Dotnuva (Lithuanian Institute of Agriculture) showed that the minimization of tillage in loam soils depends on its acculturation degree. In the well-cultured light loam soils, deep ploughing can be simplified and change deep ploughing (22-25 depth) to deep cultivation (20-25 cm depth) in combination with shallow stubble loosening. For example, replacing deep ploughing to deep cultivation had not a significant decrease in the yield of sugar beet [10; 12] . In Munoz-Romero investigations [13] , no tillage was more favourable for the development of the faba bean root system than conventional. This can improve the soil physical properties and the yield. Similarly, Volpi et al. [14] found that minimum tillage might be more suitable than ploughing in Italian Mediterranean climate conditions, because faba bean grain yield increases and reduces cumulative N 2 O emissions by up to 80 %.
In Lithuania, impact of long-term reduced tillage systems on faba bean productivity and grain quality were not investigated at all. So, the aim of our study was to establish the impact of low-DOI: 10.22616/ERDev2018.17.N034 intensity tillage systems on faba bean productivity and quality parameters in long-term tillage reducing experiment.
Materials and methods
A stationary long-term field experiment has been conducted at the Aleksandras Stulginskis University (ASU) Experimental Station (54º52′ N, 23º49′ E) in Lithuania since 1988. In this study, the data of 2016 are presented. Experimental soil is a silty loam (45.6 % sand, 41.7 % silt, 12.7 % clay) Planosol (Endohypogleyic-Eutric -Ple-gln-w) [15] . The soil of the experiment is neutral, rich of phosphorus, magnesium and with average amount of potassium.
Meteorological conditions during the faba bean vegetation are presented in Tables 1 and 2 . In 2016, the beginning of faba bean vegetation was warmer than usually and the end -little colder. Precipitation rate mainly was higher than long-term average, especially at the second part of vegetation. In our experiment, five soil tillage systems of different intensity were investigated: 1) conventional deep (22-25 cm) ploughing (CP); 2) shallow (12-15 cm) ploughing (SP); 3) deep (25-30 cm) cultivation (chiselling) (DC); 4) shallow (10-12 cm) cultivation (disking) (SC); 5) no-till (direct sowing) (NT). The experiment was designed with four replications and randomized distribution of treatments. The initial size of the experimental plot was 70 m 2 , total number of plots -20. The precrop of faba bean was winter wheat. Agrotechnical practice of the experiment is presented in Table 3 . The soil was tilled in the autumn, October. The CP and SP plots were ploughed with a Gamega PP-3-43 plough with semi-helical shellboards, DC -with a chisel cultivator KRG-3.6, and the SCwith a disc harrow Väderstad Carrier 300. Pre-sowing tillage was executed with a complex cultivator Laumetris KLG-3.6. The sowing machine Väderstad Rapid 300C Super XL was used for sowing. The distance between the rows was 25 cm, sowing rate -200 kg grain per ha, sowing depth -5-6 cm. Variety "Fuego" was applied. Detailed explanation of faba bean agro-technic in the experiment could be found in our earlier publication [16] . Yield of faba bean grain was harvested with a plot combine Winterstager Delta.
The experimental data were statistically tested by using the one-way analysis of variance (ANOVA) with program package "Selekcija" and "Irristat" for processing statistical data [17] . The trial data were also evaluated using the correlation analysis by "SigmaStat" and "SigmaPlot" softwares. Significant differences between treatments of the experiments and the control treatment are expressed by: * -significant difference at the 95 % probability level (P ≤ 0.05 > 0.01); ** -significant difference at the 99 % probability level (P ≤ 0.01 > 0.001); P > 0.05 -no significant difference at the 95 % probability level.
Results and discussion
In our experiment, in shallowly cultivated soil faba beans grew significantly sparser than in deeply ploughed (Table 4 ). In deeply ploughed soil the stand of beans was the densest -55.6 psc. per m 2 .
The lower density of faba bean crop in shallowly cultivated plots initiated the significant decrease of the number of pods per square meter of crop (Table 4 ). Here were found on average 338 pcs. of pods per m 2 . We found a strong significant relationship between the crop density per m 2 and the number of pods (r = 0.901*).
In our previous investigations of soil tillage systems, the reduction of annual deep ploughing to non-invertible tillage or even direct sowing to untilled soils did not have a significant negative effect on the productivity of sugar beet and maize [12; 18-19] .
In the presented experiment, in 2016, tillage systems of different intensity also did not have a significant effect on the yield of faba bean grain ( Table 4 ). The harvested grain yield varied from 4.04 to 4.95 t ha -1 . Despite this, the largest grain yield was obtained from the deeply ploughed plots beans growing deep in the fields in the autumn, and the smallest -in shallowly cultivated. Grain productivity was largely influenced by differences in the crop density (r = 0.946*) and the number of pods per m 2 (r = 0.950*).
Lower crop density in shallowly cultivated plots affected the formation of larger grain (r = -0.454). The mass of 1000 grain reached 610.17 g, but was not significantly higher than in other treatments (Table 4) . It should be noted that meteorological conditions in 2016 vegetation were not very favourable for faba bean development, so the size and mass of grain were less than in the research station tests. 06 Note: * -significant differences from control treatment (conventional ploughing) at 95 % probability level.
The highest grain protein content was determined in beans grown under untreated conditions (NT) ( Table 4) . It reached 29.06 %. The lowest -in shallowly cultivated plots (27.82 %). The differences were not significant.
Conclusions
1. Different tillage systems did not have a significant effect on the mass of 1000 grain, grain yield and protein content. 2. The largest number of pods (399.6 units per m 2 ) was grown in conventionally ploughed soil or significantly (about 60 units per m 2 ) more than in shallowly ploughed. 3. Low-intensity tillage treatments are the right practice for faba bean cultivation in the case of economic and environmental sustainability. Investigations should be continued.
